###### Key message

What is already known about this subject?
=========================================

-   In lower and middle- income countries, increasing age significantly affect visual impairment in settings where the health system is not very responsive to the needs of the older adult.

What are the new findings?
==========================

-   This analysis indicates that visual impairment among older adults is associated with social isolation, depression and life satisfaction, in Ghana, a lower middle income setting.

-   It estimates prevalence and factors associated with visual impairment and quantified the association with social isolation, depression, and life satisfaction in older adults in a setting with a dearth of research on older adults as in other low-income and- middle-income countries; to influence national health and social policy.

How might these results change the focus of research or clinical practice?
==========================================================================

-   These findings will contribute to research in a low-resource setting and highlight the need for comprehensive assessment of older adults with low vision by clinicians.

Introduction {#s1}
============

The incidence of visual impairment (VI) is on the increase and has become a major public health concern. Globally, it is estimated that over 2 billion people are visually impaired, of whom over 1 billion aged 50 years and above being visually impaired from uncorrected refractive errors with major causes including: uncorrected refractive errors, cataract, age-related macular degeneration, glaucoma, diabetic retinopathy, corneal opacity and trachoma.[@R1] In sub-Saharan Africa (SSA), there have been similar reports. The prevalence of VI and blindness in Ghana (urban community) were 17.1% and 1.2%, respectively.[@R2] Increasing age is a significant factor accounting for the high prevalence of VI and is projected to increase over time as the older adult population is expected to double by 2050.[@R3] A pragmatic approach in addressing the health challenge and in particular eye care needs of this population is imperative.

Many factors have been attributed to be associated with VI some of which includes: with increasing age,[@R1] education,[@R7] sex differential,[@R6] chronic health conditions,[@R7] employment and status,[@R6] place of residence[@R7] and among others. The relationship between VI and health and well-being among older adults is numerous and is associated with social isolation, depression and life satisfaction and particularly with mood level and social relationships.[@R12]

Persons with VI have a higher prevalence of depression which is attributed to difficulties with daily functioning.[@R14] Evidence exists to indicate that correction for refractive error improves depressive symptoms as well as the health-related quality of life of persons with VI.[@R15] In addition, persons with VI show a significant reduction in different aspects of quality of life domains (including life satisfaction) and that quality of life is related to the degree of visual impairment, such that blind patients report poor life satisfaction.[@R16] Moreover, Zheng *et al* established that, in a population-based study, VI is associated with declining mental health conditions using both cross-sectional and longitudinal data over time with the strongest association among worsening vision.[@R13]

The association of VI with social isolation, depression and life satisfaction has not been widely studied and very little is known among people with VI in sub-Saharan Africa. This study was conducted to estimate the prevalence of VI and associated factors and further quantify its association with social isolation, depression and life satisfaction among older adults in Ghana using data from the WHO wave 2.

Methods {#s2}
=======

This research involved the WHO Study on Global Ageing and Adult Health (SAGE) wave 2 for Ghana, conducted between 2014 and 2015. WHO SAGE was implemented in six lower to middle income countries including China, Ghana, India, Mexico, Russian Federation and South Africa. SAGE covers a wide range of health indicators including demographic characteristics, visual difficulties, subjective well-being, health state and among others.

Study design {#s3}
============

SAGE Wave 2 adopted a cross-sectional study design with a multistage cluster sampling technique. Details about the study design and procedures for data collection have been published elsewhere.[@R18]

Study participants {#s4}
==================

SAGE is a longitudinal study with a nationally representative sample of adults aged 50 years and older, and a smaller comparative sample of persons aged 18--49 years. SAGE primary sampling units (PSUs) were stratified by region and location (urban/rural). The selection of the PSUs was based on proportional allocation by size and random systematic sampling method. Wave 1 respondents were recruited from selected probability sampled EAs using a multistage cluster sampling strategy. EA was selected independently within each stratum with the number of EAs per region based on the population size of the region.[@R18]

SAGE Wave 2 participants selection {#s4-1}
----------------------------------

SAGE Wave 1 involved more than 50% of participants aged 60+years, in contra to that, due to urbanisation and inevitable events (death), SAGE Wave 2 sampling strategy was designed to account for expected attrition.[@R19] All wave 1 households (HH) were visited for wave 2 data collection and replacements for sample attrition used a systematic sampling approach to randomly select new households using EA aerial photographic maps on which dwellings are clearly visible, starting at a random point on the periphery of the EA. Mutually exclusive HH was then classified into: SAGE Wave 1 follow-up households with one or more members aged 50 years or older targeted for selection, new households with one or more members aged 50 years or older, SAGE Wave 1 follow-up households which include residents aged 18--49 targeted for selection, new households which include residents aged 18--49.[@R19]

A total sample of 4735 respondents was involved for Ghana SAGE Wave 2; however, based on the aim of the study, those below the age of 50 years, missing or not applicable responses, and those designated as do not know responses were excluded. A total sample size of 3575 (comprising 348 newly participants and 3227 follow-ups from wave 1) of adults aged 50 years and above was used for this analysis. The choice of study participants was based on the report by WHO that majority of people with vision impairment are over the age of 50 years.[@R1]

Variable definition {#s5}
===================

Three variables were generated and used in this study, involving non-communicable disease (NCD) status, waist--hip ratio (WHR) and hypertension status (blood pressure (BP)). SAGE Wave 2 asked questions like 'Has a health care professional/doctor ever told you that you have...? Or Have you ever been diagnosed with...?' on these NCDs: angina, arthritis, asthma, cataract, depression, diabetes, hypertension, chronic lung disease and stroke. NCDs status was measured by scoring 1 for 'yes' response and otherwise '0' for all the nine self-reported chronic health conditions. However, the scores for this study ranges from 0 to 6 which was categorised into 0 'None' and 1 or more as '1+NCD'.

WHR was measured and categorised using low if WHR ≤0.90 for males and ≤0.85 for females, moderate if 0.91--0.99 for males and 0.86--0.89 for females and high if WHR is ≥1.00 for males and ≥0.90 females based on WHO categorisation.[@R21] Meanwhile, mean systolic and diastolic BP for the last two measurements was estimated and further categorised into normal, elevated and hypertension, respectively, if systolic and diastolic measures; \<120/80 mm Hg, 120--129/80--89 mm Hg and ≥130/90 mm Hg.[@R22] The main idea for this categorisation is to assess hypertension status with ≥130/90 mm Hg association with VI compared with normal BP.

Dependent variable {#s6}
==================

The outcomes of interest this research considered as the study domains were social isolation, depression and life satisfaction among participants with VI. The detailed sequence of the domain questions can be found in [online supplementary table 1](#SP1){ref-type="supplementary-material"}.
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Social isolation {#s6-1}
----------------

Social isolation was assessed in SAGE wave 2 on how the participant felt about different aspects of life by reporting how often they felt for three standard questions. These were captured using a Likert scale involving: never, rarely, sometimes and often with scoring 0, 1, 2 and 3, respectively. Composite variable was generated with a score ranging from 0 to 9 (mean (SD)=0.69 (1.47)).

Depressive episode {#s6-2}
------------------

Depression score was generated from a series of questions based on World Mental Health Survey version of the Composite International Diagnostic Interview[@R23] if the participant answered 'yes' in one of the following: if participant during the last 12 months (1) had a period lasting several days when feeling sad, empty or depressed; (2) had a period lasting several days when lost interest in most things usually enjoyed such as personal relationships, work or hobbies/recreation; (3) had a period lasting several days when feeling energy decreased or tired all the time. If anyone of these is 'yes', SAGE Wave 2 further used 15 standard questions to assess depression among those participants. Diagnostic procedure for depressive disorder over the past 12 months was clearly defined by using the WHO ICD-10 classification of mental and behavioural disorders for a major depressive episode (F32).[@R24] The algorithm as proposed by Arokiasamy *et al* was adopted to define depression in our study. First, two categories of independent variables were generated from the index score of depression, categories 1 and 2 individually. Category 1 contained three domains namely: depressive distress, with a minimum duration of 2 weeks and symptoms are present nearly every day, most of the day; tiredness or loss of energy and loss of interest or pleasure in activities, including decreased sexual activity. Category 2 contained 7 domains with 12 items of depressive symptoms secondary to depressive distress: negative thought (frequently feel hopeless, low self-esteem or lost confidence); cognitive difficulties (difficulties in concentration or slowdown in thinking); feel anxious and worried most days; physical difficulty (slowing down in moving around or could not sit); sleep difficulty (problems falling asleep or problems waking up too early); loss of appetite; and suicidal ideas or attempts (tried to end life or wish dead). Each item was coded as 1 'Yes' and 0 'No' and for each category, depressive disorder over the 12 months was considered if score was 2-plus and 4-plus, respectively, for categories 1 and 2.[@R25] This method of diagnosing depressive episodes was also adopted by Fernández-Niño *et al*.[@R26]

Life satisfaction {#s6-3}
-----------------

Life satisfaction was also captured in SAGE Wave 2 to examine how satisfied participants were in their lives. Six Likert scale questions were captured with the caption 'How satisfied are you with...' your health; yourself; your ability to perform your daily living activities; your personal relationships; the conditions of your living place; and overall, how satisfied are you with your life as a whole these days? The Likert scale has responses 'very dissatisfied; dissatisfied; neither satisfied nor dissatisfied; satisfied and very satisfied' with recoded scores 0, 1, 2, 3 and 4 respectively. An index variable with an overall score ranging from 0 to 24 was generated (mean (SD)=19.56 (3.40)).

For the purpose of reliability and internal consistency, the Jann Stata module was used to compute Cronbach's alpha for weighted data due to SAGE study design on all three domains.[@R27] The overall test of reliability for social isolation, depression and life satisfaction was very high and of good quality (α=0.93, 0.95 and 0.86, respectively).

For the secondary outcome variable (visual impairment), SAGE Wave 2 tested distance and near vision among participants with a logMAR chart and was coded as normal, low and impaired.

Vision test {#s7}
===========

Respondents were invited to sit in a chair positioned so that the respondent's head will be 4 m from the eye chart (Tumbling 'E' logMAR chart). The interviewer makes sure the participant does not lean in closer to the chart during the test. To measure acuity in the left eye, the right eye was covered with right palm or an eye patch and the subject is asked to respond to each 'E' in a row slowly, row by row, with guidance. Only one reading of a given 'E' is allowed. The right eye can then be tested in the same way.

Distance vision interviewer {#s7-1}
---------------------------

Distance vision was measured using 4 m out for a timed walk. If the respondent makes more than two errors in one row and reads all letters in the row, their result is read as the previous row.

Near vision interviewer {#s7-2}
-----------------------

Respondent place the end of the cord attached to the near vision chart between forefinger and middle finger. Then, place the palm over the eye with the same hand. The freehand is used to hold the chart. Responses were verbal (up, down, left and right). If the respondent makes more than two errors in one row and reads all letters in the row, their result is read as the previous row.

For the purpose of our study objective, and impaired vision both for distance and near was categorised as VI, as per the WHO ICD-10 (H54).[@R28] Visual acuity was classified based on the logMAR chart as normal (6/12), low (6/18), and impaired (3/60) and recategorised into normal or low vision (coded as 0) and impaired (coded as 1). The instruments used to measure our outcome variables were pretested and validated before using by SAGE Wave 2 team in Ghana.

Independent variables {#s8}
=====================

Covariates that were analysed in this study included: sex (male or female), age group (50--59, 60--69, 70--79 and 80+), educational level (none, primary, Senior High School/Middle School Leaving Certificate and tertiary), marital status (never married, separated/divorced, widowed), religion (none, Christian, Islam and primal indigenous), place of residence (rural vs urban), currently working (no or yes), region (involving the then 10 administrative regions), self-rated health (SRH; good, moderate and bad), a place where born (same locality or different locality), difficulty in work activity (none, mild, moderate, severe, extreme), NCD status (none and 1+NCD) and WHR (low, moderate and high) and hypertension status (normal, elevated and hypertensive).

The rationale for the choice of these independent variables was based on previous literature as factors associated with VI locally[@R7] and internationally.[@R4]

Data analysis {#s9}
=============

To reduce bias in this complex survey data, three approaches to data analysis were carried out, bivariate descriptive statistics with a Rao-Scott χ^2^ test of an independent association of covariate with VI. Factors influencing VI were estimated by adopting three statistical models that were performed individually involving Poison, Logistic and Probit models. These models were adopted based on the assumption made by Chen *et al* that occasionally, the OR estimated from logistic regression approximates the prevalence ratio from Poisson estimates. However, ORs always overestimate prevalence ratios when events have a common outcome.[@R30] Adopting these models individually helped to have a holistic understanding of the factors associated with VI by looking at the log-likelihood ratio (Poisson), log odds (Logistic), and normalised coefficients (Probit) as suggested by Chen *et al*.[@R30]

The association of VI on our primary outcome (social isolation, depression and life satisfaction) was quantified. This approach was done by adopting Coarsened Exact Matching (CEM) by controlling for the factors significantly influencing VI. In this analysis, CEM allowed us to specify matching levels within the factors significantly influencing VI which ensures the degree of balance in the matching factors at the lowest level. Before matching, over 77% of imbalance existed among the covariates significantly influencing VI; however, after CEM matching, imbalances reduced to almost 0% (3.21E−15; see [online supplementary table 2](#SP1){ref-type="supplementary-material"}).

Quantification of the association between VI and social isolation, depression and life satisfaction was performed by adopting three statistical models separately involving; modified negative binomial (NB), modified robust Poisson regression and modified generalised negative binomial (GNB) regression, respectively.

NB was applied due to the overdispersed nature of the raw social isolation scores where the variance exceeds the mean (σ^2^ vs μ=2.16 vs 0.69) and a significant p-value goodness of fit from Poisson estimation (p\<0.001). The NB provided an improved fit to the social isolation raw score and accounted better for overdispersion. Robust Poisson was applied to depression due to the dummy nature of the outcome variable. The choice of Poisson on depression was to estimate the prevalence ratio using the log ratio rather than log odds. The GNB was applied to life satisfaction raw scores due to the dispersion nature where the mean exceeds the variance (μ vs σ^2^=19.56 vs 11.53). Robust SE was considered in the estimations and all analysis was carried out using Stata V.15 with p\<0.05 deemed significant.

Ethical requirements {#s10}
====================

SAGE Wave 2 study was approved by WHO's Ethical Review Board with reference number RPC149 and also, the Ethical and Protocol Review Committee, College of Health Sciences, University of Ghana, Accra, Ghana. Written informed consent was obtained from all study participants.

Patients and public involvement statement {#s11}
=========================================

The questionnaire used for the SAGE Wave 2 was modified from that of SAGE Wave 1 due to patient experiences and priority lessons learnt. The design of SAGE Wave 2 was informed by the involvement of patients in Wave 1; modifications made were based on patient priorities. Recruitment of patients and conduct of the study were by the WHO SAGE Ghana Team. The WHO SAGE Ghana Team organises national stakeholders meeting to disseminate the findings of the national survey. A report of the national survey based on all data collected is provided to the general public and available on the WHO SAGE website.

Results {#s12}
=======

The prevalence of VI was 17.1% (95% CI 14.3 to 20.2) with high prevalence among women compared with men (18.3% vs 15.7%) and increasing age depicting increasing prevalence of VI. Rao-Scott test of independence showed that except sex differential and marital status, there was a statistically significant association between all the other characteristics and status of VI (p\<0.05; see [table 1](#T1){ref-type="table"}).

###### 

Prevalence and demographic characteristics of visual impairment among older adults in Ghana, Study on Global Ageing and Adult Health Wave 2 from 2014 to 2015

  Demographic variable             Total   Visual impairment status   Rao-Scott χ^2^   
  -------------------------------- ------- -------------------------- ---------------- -------------
  Sex                                                                                  2.88
   Male                            1472    84.3                       15.7             
   Female                          2103    81.7                       18.3             
  Age group                                                                            29.72\*\*\*
   50--59                          1295    88.8                       11.2             
   60--69                          1105    83.6                       16.4             
   70--79                          771     73.6                       26.3             
   80+                             404     63.3                       36.7             
  Educational level                                                                    4.28\*\*
   None                            1784    81.8                       18.2             
   Primary                         860     79.4                       20.6             
   SHS/MSLC                        811     88.7                       11.3             
   Tertiary                        120     81.3                       18.7             
  Marital status                                                                       2.27
   Never married                   115     85                         15               
   Married                         2002    84.6                       15.4             
   Separated/divorced              427     81.9                       18.1             
   Widowed                         1031    78.7                       21.3             
  Religion                                                                             9.74\*\*\*
   None                            114     67.6                       32.4             
   Christian                       2563    81.5                       18.5             
   Islam                           665     90                         10               
   Primal indigenous               222     88                         12               
  Place of residence                                                                   4.33\*
   Urban                           1403    79.9                       20.1             
   Rural                           2172    85.7                       14.3             
  Currently working                                                                    25.42\*\*\*
   No                              1282    74.3                       25.7             
   Yes                             2293    87                         13               
  Region                                                                               10.14\*\*\*
   Ashanti                         586     82.6                       17.4             
   Brong Ahafo                     380     93.3                       6.7              
   Central                         461     91.5                       8.5              
   Eastern                         288     80.3                       19.7             
   Greater Accra                   339     62.7                       37.3             
   Northern                        360     92.3                       7.7              
   Upper East                      197     93                         7                
   Upper West                      185     90.1                       9.9              
   Volta                           330     79.5                       20.5             
   Western                         449     88                         12               
  SRH                                                                                  30.64\*\*\*
   Good                            2150    89                         11               
   Moderate                        1037    76.1                       23.9             
   Bad                             359     61                         39               
  Place of born                                                                        10.99\*\*\*
   Same locality                   2479    86.4                       13.6             
   Different locality              1096    75.6                       24.4             
  Difficulty in work activity/HH                                                       16.97\*\*\*
   None                            1356    90                         10               
   Mild                            932     83.6                       16.4             
   Moderate                        960     76.8                       23.2             
   Severe/extreme                  203     60.5                       39.5             
  NCD status                                                                           22.66\*\*\*
   None                            2880    84.7                       15.3             
   1+NCD                           695     75.6                       24.4             
  WHR                                                                                  3.81\*
   Low                             759     86.8                       13.2             
   Moderate                        1052    83                         17               
   High                            1545    79.8                       20.2             
  Hypertension status                                                                  14.01\*\*\*
   Normal                          1102    88.9                       11.1             
   Elevated                        749     84.3                       15.7             
   Hypertensive                    1724    78.7                       21.3             

Non-communicable disease (NCD) status comprises self-reporting of angina, arthritis, asthma, cataract, depression, diabetes, hypertension, chronic lung disease and stroke. HH is household work. NCDs score (0=None, 1+ =1+ NCD).

\*p\<0.05, \*\*p\<0.01, \*\*\*p\<0.001.

MSLC, Middle School Leaving Certificate; SHS, Senior High School; SRH, self-rated health; WHP, waist--hip ratio.

Inferential analysis involving Poisson, Logistic and Probit statistical models was carried out independently to assess covariates significantly influencing VI among older adults. The analysis showed in all the models that age groups, educational level, religion, region, SRH, place where a participant was born and difficulty in work activity were significantly associated with VI (see [table 2](#T2){ref-type="table"}).

###### 

Inferential analysis showing factors associated with visual impairment among older adults in Ghana, Study on Global Ageing and Adult Health Wave 2 from 2014 to 2015

  Covariate                        Poisson                     Logistic                     Probit
  -------------------------------- --------------------------- ---------------------------- ---------------------------
  Sex                                                                                       
   Male                            Ref                         Ref                          Ref
   Female                          0.96 (0.75 to 1.24)         0.93 (0.64 to 1.36)          −0.04 (−0.24 to 0.17)
  Age group                                                                                 
   50--59                          Ref                         Ref                          Ref
   60--69                          1.39 (1.07 to 1.789)\*      1.53 (1.07 to 2.17)\*        0.23 (0.04 to 0.42)\*
   70--79                          1.81 (1.35 to 2.24)\*\*\*   2.26 (1.51 to 3.39)\*\*\*    0.46 (0.25 to 0.67)\*\*\*
   80+                             2.35 (1.74 to 3.17)\*\*\*   3.52 (2.28 to 5.43)\*\*\*    0.71 (0.47 to 0.95)\*\*\*
  Educational level                                                                         
   SHS/MSLC                        Ref                         Ref                          Ref
   None                            1.83 (1.25 to 2.67)\*\*     2.37 (1.38 to 4.06)\*\*      0.45 (0.17 to 0.74)\*\*
   Primary                         1.87 (1.31 to 2.67)\*\*\*   2.39 (1.46 to 3.93)\*\*\*    0.46 (0.21 to 0.72)\*\*\*
   Tertiary                        1.38 (0.80 to 2.38)         1.58 (0.78 to 3.53)          0.25 (−0.19 to 0.69)
  Marital status                                                                            
   Married                         Ref                         Ref                          Ref
   Never married                   1.07 (0.67 to 1.70)         1.07 (0.57 to 2.04)          0.08 (−0.26 to 0.42)
   Separated/divorced              1.01 (0.72 to 1.42)         1.02 (0.63 to 1.65)          0.02 (−0.23 to 0.28)
   Widowed                         0.78 (0.60 to 1.02)         0.74 (0.51 to 1.07)          −0.15 (−0.35 to 0.05)
  Religion                                                                                  
   Islam                           Ref                         Ref                          Ref
   None                            2.27 (1.50 to 3.44)\*\*\*   3.76 (2.03 to 6.96)\*\*\*    0.71 (0.37 to 1.04)\*\*\*
   Christian                       1.73 (1.18 to 2.53)\*\*     2.11 (1.25 to 3.56)\*\*      0.37 (0.11 to 0.64)\*\*
   Primal Indigenous               1.65 (0.97 to 2.81)         1.88 (0.93 to 3.79)          0.28 (−0.09 to 0.66)
  Place of residence                                                                        
   Rural                           Ref                         Ref                          Ref
   Urban                           1.14 (0.86 to 1.51)         1.19 (0.79 to 1.78)          0.08 (−0.13 to 0.30)
  Currently working                                                                         
   No                              Ref                         Ref                          Ref
   Yes                             0.88 (0.67 to 1.14)         0.83 (0.57 to 1.21)          −0.11 (−0.31 to 0.10)
  Region                                                                                    
   Upper West                      Ref                         Ref                          Ref
   Ashanti                         1.56 (0.84 to 2.88)         1.77 (0.79 to 3.96)          0.26 (−0.14 to 0.68)
   Brong Ahafo                     0.63 (0.35 to 1.17)         0.57 (0.27 to 1.22)          −0.36 (−0.73 to 0.02)
   Central                         0.85 (0.46 to 1.58)         0.82 (0.37 to 1.79)          −0.13 (−0.53 to 0.26)
   Eastern                         1.62 (0.86 to 3.04)         1.81 (0.78 to 4.19)          0.28 (−0.16 to 0.73)
   Greater Accra                   2.93 (1.53 to 5.59)\*\*\*   4.92 (1.94 to 12.47)\*\*\*   0.85 (0.35 to 1.35)\*\*\*
   Northern                        0.90 (0.45 to 1.77)         0.90 (0.38 to 2.09)          −0.07 (−0.50 to 0.35)
   Upper East                      0.70 (0.33 to 1.48)         0.67 (0.27 to 1.66)          −0.24 (−0.70 to 0.22)
   Volta                           1.83 (1.04 to 3.22)\*       2.19 (1.04 to 4.58)\*        0.39 (0.01 to 0.77)\*
   Western                         1.19 (0066 to 2.14)         1.24 (0.58 to 2.65)          0.06 (−0.32 to 0.44)
  SRH                                                                                       
   Good                            Ref                         Ref                          Ref
   Moderate                        1.54 (1.11 to 2.14)\*\*     1.81 (1.18 to 2.75)\*\*      0.33 (0.11 to 0.56)\*\*
   Bad                             1.95 (1.22 to 3.10)\*\*     2.74 (1.41 to 5.34)\*\*      0.58 (0.21 to 0.95)\*\*
  Place of born                                                                             
   Same locality                   Ref                         Ref                          Ref
   Different locality              1.38 (1.10 to 1.73)\*\*     1.65 (1.17 to 2.30)\*\*      0.28 (0.10 to 0.46)\*\*
  Difficulty in work activity/HH                                                            
   None                            Ref                         Ref                          Ref
   Mild                            1.56 (1.15 to 2.09)\*\*     1.81 (1.22 to 2.68)\*\*      0.31 (0.10 to 0.52)\*\*
   Moderate                        1.41 (0.86 to 2.29)         1.48 (0.76 to 2.91)          0.20 (−0.17 to 0.56)
   Severe                          1.54 (0.95 to 2.49)         1.91 (0.90 to 4.07)          0.35 (−0.05 to 0.76)
   Extreme                                                                                  
  NCD status                                                                                
   None                            Ref                         Ref                          Ref
   1+ NCD                          0.94 (0.79 to 1.11)         0.94 (0.71 to 1.23)          −0.03 (−0.18 to 0.13)
  WHR                                                                                       
   Low                             Ref                         Ref                          Ref
   Moderate                        1.08 (0.79 to 1.48)         1.13 (0.74 to 1.74)          0.06 (−0.17 to 0.29)
   High                            1.04 (0.79 to 1.37)         1.08 (0.73 to 1.60)          0.04 (−0.18 to 0.26)
  Hypertension status                                                                       
   Normal                          Ref                         Ref                          Ref
   Elevated                        1.04 (0.81 to 1.32)         1.05 (0.74 to 1.48)          0.02 (−0.17 to 0.21)
   Hypertension                    1.17 (0.96 to 1.44)         1.23 (0.91 to 1.65)          0.11 (−0.05 to 0.27)

Non-communicable disease (NCD) status comprises self-reporting of angina, arthritis, asthma, cataract, depression, diabetes, hypertension, chronic lung disease, and stroke. HH is household work. NCDs score (0=None, 1+=1+ NCD).

\*p\<0.05, \*\*p\<0.01, \*\*\*p\<0.001.

aOR, adjusted OR; aPR, adjusted prevalence ratio; MSLC, Middle School Leaving Certificate; SHS, Senior High School; SRH, self-rated health; WHR, waist--hip ratio.

Association of visual impairment with social isolation, depression and life satisfaction {#s12-1}
----------------------------------------------------------------------------------------

In order to quantify the association between VI and social isolation, depression and life satisfaction, a significant mean difference of raw score was estimated and analysis showed that those without VI were at an advantage compared with VI older adults. Moreover, further analysis showed that there was a significant relationship between VI and our primary outcomes (social isolation, depression and life satisfaction). Moreover, wherever depression occurs, social isolation increased and lower life satisfaction experienced (see [online supplementary tables 3 and 4](#SP1){ref-type="supplementary-material"}).

Inferential analysis involving NB, Poisson and GNB modified with CEM was carried out in quantifying the association between VI and social isolation, depression and life satisfaction, respectively, controlling for significant factors influencing VI among older adults.

For social isolation, the log-likelihood score among older adults with VI was 0.25 more compared with those without VI and was statistically significant (β (95% CI)=0.25 (0.03 to 0.47), p \<0.01) as predicted by NB (see [table 3](#T3){ref-type="table"}).

###### 

Inferential analysis showing the association between visual impairment and social isolation, depression and life satisfaction individually among older adults

  Covariate             Social isolation               Depression                  Life satisfaction
  --------------------- ------------------------------ --------------------------- ------------------------------
  Visual impairment                                                                
   No                   Ref                            Ref                         Ref
   Yes                  0.25 (0.03 to 0.47)\*\*        1.90 (1.17 to 3.09)\*\*\*   −0.04 (−0.08 to −0.01)\*\*
  Sex                                                                              
   Male                 Ref                            Ref                         Ref
   Female               0.06 (−0.31 to 0.44)           1.97 (0.81 to 4.79)         0.02 (−0.03 to 0.08)
  Marital status                                                                   
   Married              Ref                            Ref                         Ref
   Never married        0.06 (−0.60 to 0.76)           0.17 (0.05 to 0.55)\*\*     0.14 (0.05 to 0.22)\*\*
   Separated/divorced   0.69 (0.27 to 1.12)\*\*\*      2.14 (0.84 to 5.47)         −0.07 (−0.13 to −0.01)\*
   Widowed              0.57 (0.25 to 0.89)\*\*\*      1.83 (0.83 to 4.02)         −0.07 (−0.12 to −0.01)\*
  Place of residence                                                               
   Rural                Ref                            Ref                         Ref
   Urban                −0.44 (−0.70 to −0.18)\*\*\*   0.91 (0.50 to 1.67)         0.09 (0.03 to 0.14)\*\*\*
  Currently working                                                                
   No                   Ref                            Ref                         Ref
   Yes                  −0.35 (−0.63 to −0.09)\*\*     0.86 (0.39 to 1.85)         0.07 (0.03 to 0.12)\*\*
  NCD status                                                                       
   None                 Ref                            Ref                         Ref
   1+NCD                −0.03 (−0.34 to 0.28)          1.21 (0.59 to 2.48)         −0.04 (−0.10 to 0.02)
  WHR                                                                              
   Low                  Ref                            Ref                         Ref
   Moderate             0.36 (−0.04 to 0.76)           0.83 (0.36 to 1.93)         −0.05 (−0.09 to −0.002)
   High                 0.45 (0.02 to 0.88)\*          0.72 (0.32 to 1.61)         −0.12 (−0.18 to −0.06)\*\*\*
  Hypertension status                                                              
   Normal               Ref                            Ref                         Ref
   Elevated             −0.01 (−0.41 to 0.38)          1.45 (0.61 to 3.41)         0.003 (−0.05 to 0.06)
   Hypertension         −0.05 (−0.57 to 0.22)          1.01 (0.54 to 1.87)         −0.03 (−0.08 to 0.02)

Non-communicable disease (NCD) status comprises self-reporting of angina, arthritis, asthma, cataract, depression, diabetes, hypertension, chronic lung disease and stroke. NCDs score (0=None, 1+ =1+ NCD).

\*p\<0.05, \*\*p\<0.01, \*\*\*p\<0.001.

aPR, adjusted prevalence ratio; CEM, Coarsened Exact Matching; GNB, generalised negative binomial; NB, negative binomial; WHR, waist--hip ratio.

The association of VI with depression also showed that the prevalence of depression among older adults with VI was significantly 90% higher compared with those without VI (aPR (95% CI)=1.90 (1.17 to 3.09), p\<0.001) as predicted by modified Poisson regression (see [table 3](#T3){ref-type="table"}).

Furthermore, life satisfaction correlates analysis depicted that the predicted probability of life satisfaction score was significantly 0.04 less among older adults with VI compared with those without VI (β (95% CI)=−0.04 (−0.08 to −0.01), p\<0.01; see [table 3](#T3){ref-type="table"}).

Discussion {#s13}
==========

Visual impairment is a social and public health issue especially in developing countries[@R17] which increases with age, due to various life-course changes.[@R31] This analysis identified the prevalence of VI among older adults to be 17.1%. This prevalence is similar to the findings of Saw *et al* who identified a prevalence of 17.3% VI among older adults in Singapore,[@R32] but lower to the findings of Hong *et al* in Korea (22.5%).[@R10] Some studies in Ghana corroborate our findings with a comparable prevalence of 17.1%.[@R33] However, other studies found higher prevalence (21.7% and 18.4%)[@R34] while another had a relatively very low prevalence of 3.87% (combined bilateral and unilateral VI).[@R36] These differences are potentially due to the different population characteristics and different methodological assessment.

Factors associated with visual impairment among older adults aged 50 years and above in Ghana {#s13-1}
---------------------------------------------------------------------------------------------

This study identified a monotonic increasing age depicting an increasing prevalence of VI where age is significantly associated with VI among older adults. This is in conformity with another study.[@R4] Educational level was identified to be associated and significantly influence VI among the participants, where older adults with tertiary education experience a high prevalence of VI. This high prevalence is not surprising and potentially due to many hours of academic work and having to read lots of materials with attendant strain on the eyes as hypothesised that prolong reading has a significant impact on visual function loss among students.[@R37] Disparities in VI were identified among the different religious groups. Older adults with no religion and Christians experienced more VI prevalence, highlighting the need for assessment of sociocultural factors in the optimal care of older adults with VI.

The geographical location (region) in this study significantly influenced VI, where older adults in Greater Accra (the most urbanised region in Ghana) were more likely to experience VI compared with older adults in the Upper West region (more rural). This could be relatively due to higher levels of education and potential occupational exposures. The urban older adults might probably have engaged in occupations requiring more reading and strain on the eyes relative to more manual and mechanical occupations in the more rural sites according to Ghana 2010 population and housing census.[@R38] The distribution of eye healthcare workers in Ghana is uneven, with the distribution being greater in the south (Accra) which has been documented by Potter *et al*.[@R39] Our analysis, however, did not indicate that access to health facilities and practitioners translated into the lower prevalence of VI. Health utilisation and access analysis may be useful.

Experiencing any form of NCD, bad SRH, difficulty in work activity, high WHR and hypertension status resulted in the high prevalence and significant association with VI among older adults in Ghana. Comorbid conditions like diabetes, arterial hypertension, arthritis and others have emerged as significant threats to an individual's vision which have become more prevalent with increasing age.[@R29] All these factors are associated with VI due to the epidemiological transition of human lifestyle behaviours (smoking, drinking, less exercise, bad eating behaviour and fewer fruits intake) which causes NCDs to influence VI.

Association of visual impairment with social isolation, depression and life satisfaction {#s14}
========================================================================================

This analysis has established that there is a tremendous association between VI and social isolation, depression and life satisfaction among older adults. Vision is a key sensory modality for interpersonal interactions and social communication where people with vision loss have fewer opportunities to learn and modify social skills.[@R40] This study has confirmed the association of VI with mental health both cross-sectional and longitudinal as suggested by Zheng *et al*.[@R13]

Social isolation has been identified as a risk factor for many negative health outcomes especially among older adults with VI.[@R41] The association of VI with social isolation among older adults with VI could be a result of poor vision as they used to see during their youthful age which limits them in performing their daily tasks and impose emotional and psychological strain. This analysis is in congruence with a previous observation that visual acuity influences social isolation among older adults.[@R41] In addition, social isolation affects effective treatment and is known to result in reduced attendance for healthcare services.[@R42] Social isolation among VI could also be explained as a consequence of anxiety. Agoraphobia and social phobia have been found to be the most prevalent anxiety disorder in VI older adults.[@R43] These conditions adversely affect the individual's ability to engage in meaningful social engagements and may be explored in future studies.

In addition, this study found an association between VI and depression, and that VI significantly influenced depression among older adults in Ghana, which is in line with previous study findings.[@R34] The relationship between depression is well established using both cross-sectional and longitudinal approaches. VI has been found to be a consistent predictor of both onset and persistence of depression among older adults.[@R44] This is consistent with the findings of this study. Similarly, a study on the association of comorbid anxiety and depression among older adults found an increased occurrence of various physical disorders including VI.[@R45] The ageing process and its accompanying unavoidable physiological process may lead to a reduction in life satisfaction which ultimately causes depression. Older adults with VI may be worried by their condition with the inconveniences they have to live with, which makes them feel sad, lose interest in most things they usually enjoyed such as personal relationships and work or hobbies/recreation, predisposing them to depression. Life space and limited activities due to fear of falling have been reported to be a mediator of the relationship between eye disease and depression.[@R46] Three distinct methods of adaptation for VI has been established. These include: acceptance of vision loss, negative impact on relationships and attitudes towards compensation. However, acceptance of vision loss and attitudes towards compensation was positively associated with depressive affect.[@R48]

In order to address and manage VI, life satisfaction is a key indicator to consider. Our study identified a negative significant relationship between VI and life satisfaction with VI older adults, having a significant decreasing probability count for life satisfaction. The diminishing life satisfaction may be as a result of dissatisfaction in: health situation, ability to perform daily living activities, personal needs and relationships, and conditions of living place.

The diminishing life satisfaction may be as a result of the perceived cost in procuring commodities for the treatment of VI, such as corrective lenses or for surgery. This is congruent with a study that found VI associated with a reduction in diverse areas of quality of life in older adults.[@R49] Additionally, among VI older adults, lower life satisfaction has been identified to be more prevalent among those depressed as compared with those who were not depressed.[@R50] This is in line with the findings of this study. The severity of VI also determines the extent to which life satisfaction is affected. An older adult with VI reports increases in life dissatisfaction with increased severity of VI.[@R51] Overall, this analysis shows that perceived health, ability to perform daily living activities, personal relationships, condition of living and overall satisfaction of life as a whole (life satisfaction key indicators) were negatively affected in older adults with VI in Ghana.

Limitation {#s15}
==========

Due to the design nature of WHO SAGE Wave 2, this study did not allow for assigning causational effects. Recall bias is a potential limitation that this study anticipates due to the longevity of experiences of the older adults in the past 12 months especially, on depression. However, the WHO SAGE used different methods of data collection to limit recall bias. Moreover, although this study adopted a more robust analysis matching technique to establish our findings, there are more issues to consider like other biological factors that could influence VI for holistic matching.

Conclusion {#s16}
==========

The prevalence of visual impairment is high and that, the prevalence is associated with increasing age, educational level and SRH. Visual impairment was identified to be associated with social isolation, depression and diminishing life satisfaction. In order to achieve sustainable development goal \#3 (*Ensure healthy lives and promote well-being for all at all ages*), a national focus on geriatric care as part of the implementation of the National Ageing Policy will garner improvement in the quality of life of the older adults with visual VI in Ghana. Eye health practitioners at all levels of the health systems should consider the psychosocial consequences of VI for the optimum care of the older adult client.
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